The taxonomic position of a bacterial strain designated T16R-228 T , isolated from a rhizosphere soil sample of a tomato plant collected from a farm in Buyeo, Chungcheongnam-do, Republic of Korea, was determined using a polyphasic approach. On the basis of morphological, genetic and chemotaxonomic characteristics, it was determined to belong to the genus Paenibacillus. It was an aerobic, Gram-stain-positive, non-motile, catalase-negative, oxidase-negative rod with peritrichous flagella. The polar lipids were diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, hydroxylphosphatidylethanolamine and one unidentified polar lipid. Menaquiones were MK-7. Predominant cellular fatty acids were anteiso-C 15 : 0 , C 16 : 0 and iso-C 16 : 0 . DNA G+C content was 56.8 mol%. The phylogenetic tree constructed based on the 16S rRNA gene sequences showed the strain formed a clade with P. 
The genus Paenibacillus was proposed for the ribosomal RNA group 3 Bacilli including 11 Bacillus species on the basis of the 16S rRNA gene sequence analysis with the type strain Paenibacillus polymixa [1] . At present, it contains more than 170 species (http://www.bacterio.net/paenibacillus.html; accessed 17 May 2017), and has been isolated from various environments such as soil, rhizosphere, water, sediment, wet land, gut, humus, fermented material, cow faeces, glaciers, food, compost, seeds, humans, milk, paintings, spacecraft and the Antarctic region [2] . It was largely characterized as Gram-positive, rod-shaped, aerobic or facultatively anaerobic, non-pigmented, endospore-forming and motile by means of peritrichous flagella [2] . Chemotaxonomically, it comprises meso-diaminopimelic acid (meso-DAP) as a characteristic cell wall peptidoglycan diamino acid, and menaquinone-7 (MK-7) as the predominant menaquinone [2] . For most species of the genus, the major fatty acids are anteiso-C 15 : 0 and iso-C 16 : 0 [3, 4] . All species contained diphosphatidylglycerol (DPG) as the major polar lipid. The DNA G+C contents are 39-59 mol% [5, 6] .
We investigated the bacterial population of a tomato rhizosphere soil from the rhizosphere of a tomato plant collected from a farm in Buyeo, Chungcheongnam-do, Republic of Korea (36 17¢ 36.25 † N 126 55¢ 54.25 † E). The rhizosphere soil was suspended in 0.85 % NaCl (w/v), and the suspension was serially diluted. The dilution was spread onto R2A agar (BD: yeast extract, 0.5 g; proteose peptone, 0.5 g; casamino acids, 0.5 g; dextrose, 0.5 g; soluble starch, 0.5 g; sodium pyruvate, 0.3 g; dipotassium phosphate, 0.3 g; magnesium sulfate, 0.05 g; agar, 15.0 g) and incubated at 28 C. Several bacterial colonies were isolated, and one strain, T16R-228 T , was identified as a new member of the genus Paenibacillus on the basis of the 16S rRNA gene sequence. The strain was maintained at À80 C on 15 % glycerol suspension. For comparative purposes, the reference strains P. edaphicus KACC 14008 Cells of strain T16R-228 T grown on R2A medium at 28 C for 24 h were observed under phase contrast microscopy (AX10; Carl Zeiss) and transmission electron microscopy (LEO model 912AB). For endospore detection, the strain was grown at 28 C for 3 days and spores were observed using phase contrast microscopy (AX10; Carl Zeiss). Gram staining was carried out by the Difco Gram Stain Kit in parallel with the KOH lysis test [7] with cells grown on R2A for 24 h. Catalase and oxidase activity was observed by bubble production after the application of 3 % (v/v) hydrogen peroxide solution and by oxidation of 1 % p-aminodimethylaniline oxalate, respectively. Growth at various temperatures (4, 10, 15, 20, 28, 30, 35, 37, 40 , 45 and 50 C) was checked on R2A agar medium. The pH range (4.0-10.0 at increments of 1.0 pH unit) for growth was tested at 28 C in R2A broth. pH was adjusted with citrate/phosphate buffer (pH 4.0-7.0), Tris/hydrochloride buffer (pH 8.0-9.0) and carbonate/bicarbonate buffer (10.0). Growth at NaCl concentrations (w/v; 0-5 % at 1 % increments of NaCl) was checked at 28 C on R2A broth. Motility was checked by observing growth on 1/10 R2A including 0. T was an aerobic, Gram-stain-positive, catalase-negative, oxidase-negative, non-motile rod with peritrichous flagella (Fig. S1 , available in the online version Motility
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of this article). It could be differentiated from the closely related species on the basis of phenotypic characteristics such as motility, oxidase, hydrolysis of urea and gelatin, and assimilation of several carbon sources ( Table 1) . The detailed phenotypic characteristics of strain T16R-228 T are given in Table 1 and the species description.
The 16S rRNA genes of strain T16R-228
T were amplified using a universal primer set, 9F and 1512R [8] , and sequenced by Genotec (Republic of Korea). The sequence similarity was calculated through the EzBioCloud (http://www.ezbiocloud. net/) blast function [9] . For the sequence comparison, the 16S rRNA gene sequences of the reference type strains were obtained from GenBank (https://www.ncbi.nlm.nih.gov/) and EzBiocloud (http://www.ezbiocloud.net/). The retrieved sequences were aligned using the ARB software package [10] . The phylogenetic tree was reconstructed using MEGA 6 [11] . The neighbour-joining [12] , maximum-parsimony [13] and maximum-likelihood [14] algorithms were used for the tree reconstruction. The bootstrap values were calculated based on 1000 replications [15] . Strain T16R-228
T showed the highest sequence similarity with P. mucilaginosus VKPM B-7519 (Fig. 1) .
The fatty acids were analysed following the method of Sasser [16] . Cells of strain T16R-228 T and reference strains were grown at 28 C on R2A medium, and reached the late exponential growth phase after incubation of 1-2 days, depending on the growth pattern of each strain. The cellular fatty acids were saponified, methylated and extracted according to the protocol of the Sherlock Microbial Identification System (MIDI). The fatty acids, analysed with a gas chromatograph (6890; Hewlett Packard), were identified by the Microbial Identification software package based on the Sherlock Aerobic Bacterial Database (TSBA60). The menaquinone and polar lipids were analysed by the method of Minnikin et al. [17] . Polar lipids were identified by the following reagents: 5 % (v/v) ethanolic molybdophosphoric acid for detection of all lipids, ninhydrin reagent for lipids containing free amino groups, Zinzadze reagent for phosphorus-containing lipids and a-naphthol reagent for glycolipids [18] . The G+C content of the DNA was determined by the fluorometric method [19] using SYBR Green 1 and a real-time PCR thermocycler (Bio-Rad).
The fatty acids of strain T16R-228 T were composed of anteiso-C 15 : 0 (59.8 %), C 16 : 0 (12.1 %), iso-C 16 : 0 (10.5 %), iso-C 15 : 0 (4.2 %), anteiso-C 17 : 0 (4.2 %), iso-C 14 : 0 (3.9 %), C 14 : 0 (1.7 %), C 16 : 1 !11c (1.6 %), iso-C 17 : 0 (0.9 %) and C 17 : 0 (0.6 %) ( Table 2 ). The major fatty acid among strain T16R-228
T and the closely related species was anteiso-C 15 : 0 . However, qualitative and quantitative variation was observed among strains. For example, strain T16R-228
T contained a higher amount of iso-C 16 : 0 (10.5 %), low amount of C 16 : 1 !11c (1.6 %) and an absence of summed feature 3 (including C 16 : 1 !6c and/or C 16 : 1 !7c) compared with the close relatives, P. mucilaginosus KACC 13999 T (3.6, 13.4 and 7.8 %, respectively) and P. edaphicus KACC 14008 T (6.2, 6.5 and 2.4 %, respectively) ( Table 2 ). The predominant menaquinone of strain T16R-228
T was MK-7, which was identical to other Paenibacillus species [20, 21] . The polar lipids of strain T16R-228 T were diphosphatidylglycerol (DPG), phosphatidylethanolamine (PE), phosphatidylglycerol (PG), hydroxyl-phosphatidylethanolamine (OH-PE) and one unidentified polar lipid (L) (Fig. S2) . The polar lipids are similar to the closely related species such as Paenibacillus mucilaginosus and Paenibacillus edaphicus [20, 22] , sharing DPG and PG; but PE and OH-PE were present in strain T16R-228 T and further differentiated the novel species from the former two. The G+C content of the DNA was 56.8 mol%, which is slightly higher than the closely related species (Table 1) .
On the basis of polyphasic evidence, we propose that strain T16R-228
T be assigned to the genus Paenibacillus as Paenibacillus solanacearum sp. nov.
DESCRIPTION OF PAENIBACILLUS SOLANACEARUM SP. NOV.
Paenibacillus solanacearum (so.la.na.ce.a¢rum. N.L. gen. pl. n. solanacearum, of Solanaceae, a plant family from which the first isolate was obtained). The type strain T16R-228 T (=KACC 18654 T =NBRC 111896 T ) was isolated from a rhizosphere soil of a tomato plant collected from a farm in Buyeo, Chungcheongnamdo, Republic of Korea. The DNA G+C content is 56.8 mol%.
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